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(54) Curing of polyamic acids or 
salts thereof by ultraviolet exposure 

(57) A process for curing a film of 
polyamic acid or a salt thereof to the 
corresponding pofyimide in the 
absence of externally applied heat 
comprising exposing the film to 
ultraviolet (i.e. actinic) radiation for a 



sufficient time and at a sufficient 
intensity to cure same. A 
photosensitized polyamic acid film 
comprises the acid, or salt thereof, 
and a photoinitiator. The film can be 
selectively exposed in an imagewise 
fashion through an appropriate mask 
followed by developing to remove 
unexposed areas. 
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SPECIFICATION 

Curing of polyamic acids or salts thereof by ultraviolet exposure 

This invention relates to the curing of films of polyamic acids or salts thereof, which may be 
photosensitized, to form polyimides. More specifically, the invention relates to the use of ultraviolet 
5 radiation to cure films of polyamic acid or salts thereof and to the photosensitization of such acids or 5 
salts by using a photoinitiator. 

Polyimides are typically prepared by a condensation polymerization reaction between organic 
diamines and tetracarboxylic acid dianhydrides, and demonstrate excellent high temperature and 
dielectric properties. Because of the properties of polyimides, they have found broad utility in many 

1 0 areas. 1 0 

Present commercial practice is to purchase polylmide films themselves or polyamic acid, the 
precursor of polyimides, in a liquid, and thus castable, form. The polyamic acid, once cast and the 
solvent removed, can be cured or imidized at elevated temperatures to the poiyimide form. This curing 
temperature is in the range of 650° F. 

1 5 The problem with this practice is, of course, that the number of substrates available for application 1 5 

of a curable polyamic acid or salt thereof thereto becomes somewhat limited, he., they must be in 
essence temperature-resistant. Yet in many instances, it would be desirable to use substrates in 
conjunction with a poiyimide which would not be heat stable at the normal elevated curing 
temperatures for formation of the poiyimide. Such applicability has not heretofore been available. 

20 It has now been ascertained that ultraviolet radiation can contribute to curing of films of polyamic 20 

acid or salts thereof to a poiyimide The condensation polymerization reaction involved in the curing 
process can therefore be undertaken at a much lower temperature than was normally thought 
necessary. This allows use of substrates, in conjunction with polyimides, which are not normally stable 
to excessive temperatures. 

25 Furthermore, by use of the ultraviolet curing, films of polyamic acids or their salts attain the status 25 

of being photodefinable, i.e., a mask can be selectively utilized to cure selected areas of the polyamic 
acid or salt film in an imagewise fashion, thereby allowing removal of the unexposed portions, again in 
an image wise fashion. By including a photoinitiator in the film, the curing reaction to the poiyimide 
becomes significantly faster upon exposure to actinic radiation. 

30 In accordance with the invention there is provided a process for curing a film of polyamic acid or 30 

salt thereof to the corresponding poiyimide, in the absence of externally applied heat, comprising 
exposing at least one surface of said film to ultraviolet radiation for a sufficient time and at sufficient 
intensity to cure said film. Further, there is provided a photosensitized film of polyamic acid comprising 
the acid or its salt and at least one photoinitiator. 

35 Because high temperatures are not necessary for curing, a variety of substrates which are not 35 

heat stable can be utilized with the resultant poiyimide. 

Selective curing in an imagewise fashion through an appropriate original, followed by 
development, provides a photodefined poiyimide image. 

Polyimides are prepared by reacting at least one organic diamine having the structural formula: 

40 H 2 N — R, — IMH 2 40 

wherein R t is a divalent radical containing at least two carbon atoms, the two amino groups being each 
attached to separate carbon atoms of the divalent radical, with at least one tetracarboxylic acid 
dianhydride having the structural formula: 

8 8 

C 



R 



45 wherein R is a tetravalent radical containing at least two carbon atoms, with no more than two carbonyl 45 
groups of the dianhydride attached to any one carbon atom of the tetravalent radical. The reaction 
initially forms a polyamic acid, which when cured or further reacted in the past at elevated 
temperatures, forms the corresponding poiyimide. 

The preparation of polyamic acids is disclosed in a number of United States patents, including U.S 
50 Patent Nos. 3,1 79,614; 3,1 79,630; 3,179,631 ; and 3,073,784. 50 
It has now been determined that effective curing of a polyamic acid can be undertaken utilizing 
ultraviolet radiation. By ultraviolet radiation is meant the actinic light together with its attendant infrarec 
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25 



30 



35 



20 



25 



relative to ultraviolet exposure, with about 5 mils being the maximum ExLsurete i ul^rf^V^fr 

!^=d^^^^ 

Radiation intensity to effect curing can vary, with lesser intpn<:it. ae „„,,;- . 

1 5 times. The polyamic acid or salt should be subje«ed to S m ZST 6XP £ S V re 

intensity, to cure the acid salt to the polyimide form raa ' atl ° n f ° r a suffiaent time, at a sufficient 1 5 

entry .hereof, a,. dZhZSSTZ ^^^^1^3:^* " ** * XP ?*"™ «* « *• 30 

six feet per minute and the time of exposure Wmh? ™«f ■«?,, '" stances - tne conveyor speed was 35 
second exposure to the mort^ie^^^E?", " ndar . the ^P 080 ^ ""^ approximated one 
noted speed is equivalent to a dmSvol ^oSVS^^t' S '" 9 8 P3SS thr ° U9h the unit at the 
anAshdeeUltra^etPoweVDenK 

40 EXAMPLE 1 

characteristic intida bonds at th. 5.6 and 13.8 micron wnrelengthTa?peer1l"S Zh 
55 oSnS^^ 
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EXAMPLE 2 

prepared as per Example 1 on a copperfoil and dried at ■ 300°F vraT^S ?£2fi& m . r a ? d 5L m 
both sides indicate more rapid cerfngor imidSnon^an^^osJ™^^ ,he ,? n ^ es "Posed to 
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EXAMPLE 3 

Polyamic acid films readily dissolve in caustic solution at room temperature, but once cured 
caustic displays no significant attack thereon. 

A caustic solution was therefore prepared by dissolving analytical grade sodium hydroxide in 
5 water in the proportion of five grams of solid sodium hydroxide in 95 ml water, following which the 
solution was mixed and allowed to attain room temperature. With the solution placed in a beaker with a 
magnetic stirrer, samples of polyamic acid film were suspended therein such that the stirrer provided 
moderate agitation. K 

With samples prepared as per Example 1, a film having no exposure to ultraviolet radiation 
completely dissolved in the caustic solution in one minute. After a single pass through the exposure unit 
some areas of the sample were attacked after two minutes, which indicates uneven exposure over the ' 
surface area of the film. After two passes, a partial attack was noted after five minutes duration in the 
caustic solution, and the same results were noted after three passes through the exposure unit At four 
passes through the unit, there was no apparent attack on the imidized film after six minutes of 
1 5 immersion in the caustic solution. 

EXAMPLE 4 



10 



20 



Example 1 was duplicated with the exception that base materials other than copper foil were 
utilized as coatm 5 substrates. In all instances, the degree of imidization or curing was checked utilizing 
the caustic solubility test described in the preceding exampleThe following backing materials were 
utilized: pater, polyester film, aluminum, stainless steel, epoxy-fibreglass circuitboard material, solder 
and silicon wafer. In all instances, the polyamic acid was cured on these various substrates 



10 



15 



20 



EXAMPLE 5 

To assess the curability of other polyamic acids by exposure to ultraviolet radiation, various 
polyamic acids were prepared using combinations of dianhydrides and diamines. 

25 ^ . In each instance, the diamine was dissolved in N-methyl-pyrrolidone in a wide mouth bottle The 25 
dianhydnde was placed in a small polyethylene boat and floated on the diamine solution. The bottle was 
capped with polyethylene film and suddenly shaken vigorously to rapidly mix the dianhydride. Generally 
a mild exotherm was noted as well as an increase in solution viscosity. The mixture was placed on a 
shaker for further mixing. Generally reaction was complete in about 30 minutes, and the solutions 

30 contained about 1 6 percent by weight of the polyamic acid. 30 
In this manner, samples were prepared utilizing benzophenone tetracarboxylic dianhydride 
together with hexane diamine, methylene dianiline, m-phenylene diamine, oxydianiline and methylene 
bis-cyclohexylamine. Additionally, pyromellitic dianhydride was used in conjunction with methylene 

35 pSjimte m ?J heny,ene dlamine ' and methylene bis-cyclohexylamine to prepare the corresponding 



35 



These acids were then cast on copper foil and dried in an oven at 275°F, followed by curina 
same by exposure under the ultraviolet light source of Example 1 . The progress of the curing cydl after 
exposure to ultraviolet radiation was monitored by the decrease of the 3.1 micrometer absorbance peak 
on the infrared spectrum or by caustic solubility test described earlier. 
40 All of the samples prepared as above exhibited curing upon exposre to ultraviolet radiation. 40 

EXAMPLE 6 

A polyamic acid was prepared as per Example 5 utilizing benzophenone tetracarboxylic 
dianhydnde and hexane diamine. The polyamic acid resulting therefrom was cast on copper foil and 
dried in an oven at 270°F for fifteen minutes to remove solvent therefrom. The thickness of the dried 

45 »lm on the copper foil was determined to be from 0. 1 to 02. mils. 45 
The sample was then exposed to ultraviolet radiation utilizing an original having patterns thereon 
and various resolution targets. A quartz glass was placed upon the original to hold same in a flat 
position. It was determined that exposure to the ultraviolet source of Example 1 for 75 seconds was 

M S !^ a0tOry to provide P h °todefinability to the film. The thus exposed sample exhibited a visible image 

50 ot the exposure pattern. The exposed area became dark yeJIow, the typical color of cured polyimide . 50 
whereas the unexposed areas remained unchanged. The sample was then developed with n- 
methylpyrrolidone and water rinsed, whereby the unexposed areas were removed, followed by dryina 
in the air. The developed image provided excellent resolution. 

Preferred polyamic acids include those utilizing the benzophenone tetracarboxylic dianhydride 

55 with hexane diamine, oxydianiline, and methylene bis-cyclohexylamine, and that of Example 1 The 55 
benzophenone tetracarboxylic dianhydride/hexane diamine combination is most preferred since it 
exhibits the best characteristics relative to photodefinability. 



60 



EXAMPLE 7 

ac rioI Tf " f ams of RC— 5085 polyamic acid solution, commercially available from DuPont which is 

as delineated by DuPont literature, a "solution of polyamic acid obtained by the reaction^ XT™* ' fin 

diam.nes with aromatic dianhydrides, such as pyromelletic dianhydridl", wYrel ffi^cS^gram 
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of diethoxyacetophenone. The mixture was warmed at 60°C for approximately ten minutes to aid 
solution formation. 

The resultant clear solution was knife coated onto 3 mil thick polyester film, with a 7 mil wet film 
being applied. The coated film was then placed in a forced air oven at approximately 1 20°C for a period 
5 of 1 5 minutes to remove solvent from the film. This resulted in a solvent-free film approximating one mil 5 
in thickness. 

As soon as the sample was removed from the drying oven, the polyamic acid film was stripped 
from the polyester film and placed on a clean twelve inch by twelve inch rigid board for ultraviolet curing. 

Curing was undertaken by passing the board and attached sample through the Ashdee ultraviolet 

10 machine. 10 
To determine the degree of curing or crosslinking, i.e., the amount of conversion of polyamic acid 
to the polyimide state, a Perkin Elmer Infrared Spectrophotometer Model 727B was utilized. By 
comparing the samples against a fully cured and an uncured control, the degree of cure for the test 
sample was determined using this infrared spectrum data. Conversion was found to be 95 percent. 

15 EXAMPLES 8 — 48 15 
Example 7 was duplicated using different photoinitiators and concentration levels. The results are 
tabulated below. 
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TABLE III 



1 


J Photolnitiator Used 


I Weight 
I Percentage of 
I Photoini'tiator 


Percentage of 
Conversion to 
Polylmlde 


1 Example 8 


I None (control) 




20 


Example 9 


Dlethoxyaoetophenone 


2.5 


30 


(Example 10 


J Diethoxyacetophenone 


6.0 


50 


I Example 11 


I Dlaryl iodonium hexaf luoro phosphate 


I .75 


90 


Example 12 


J Diary! iodonium hexafluoro phosphate 


S 2.5 


45 


I Example 13 


Diary! iodonium hexafluoro phosphate 


6.0 


90 


Example 14 


I Triaryl sulfonium hexafluoro antiminate 


.75 


80 


Example 15 


Triaryl sulfonium hexafluoro antiminate 


| 2.5 


20 


Example 16 


Triaryl sulfonium hexafluoro antiminate 


( 6.0 


QQ 

WW 


I Example 17 


2 v 2-dimethoxy-2-phenylacetaphenone 


.75 


70 


I Example 18 


i 2,2-dimethoxy-2-phenylacetaphenone 


! 2.5 


20 


I Example 19 


2,2-dimethoxy-2*phenylacetaphenone 


6.0 


30 


I Example 20 


2-ch I orothi axanthone 


.75 


80 


I Example 21 


2-chlorothiaxanthone 


2.5 


40 


I Example 22 


2-chlorothiaxanthone 


6.0 


50 


I Example 23 J 


Methoxystyryl bistrichloro methyl triazine f 


.75 


80 


Example 24 


Methoxystyryl bistrichloro methyl triazine 


2.5 


50 


Example 25 


Methoxystyryl bistrichloro methyl triazine j 


6.0 


80 


Example 26 


Ultra cure 100 (Sherwin Williams) j 


.75 


70 


Example 27 


Ultra cure 100 (Sherwin Williams) 


2.5 


60 


J Example 28 


Ultra cure 200 (Sherwin Williams) ! 


6.0 


70 


I Example 29 


Benzoin J 


.75 


40 


Example 30 


Benzoin J 


2.5 


20 


Example 31 


Benzoin j 


6.0 


20 


I Example 32 


Benzoin ethyl ester J 


.75 


50 


J Example 33 


Benzoin ethyl ester J 


2S 


30 


Example 34 


Benzoin ethyl ester j 


6.0 


50 


Example 35 I 


Michler ketone I 


.75 


20 
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TABLE III (continued) 





Photoinitiator Used 


Weight 
Percentage of 
Photoinitiator 


Percentage of 
Conversion to 
Polyimide 




Michler ketone 


2,5 


30 


Example 37 


Anthracene 


1.0 


50 


Example 38 


1 -ch I oroan th raqu i none 


1v0 


.40 


Example 39 


Fluorescein 


1.0 


80 


Example 40 


Benzoin methyl ether 


1.0 


15 


Example 41 


Phenathrenequinone 


1.0 


70 


Example 42 


P-benzoquinone 


1.0 


70 


Example 43 


Benzophenone and N-methyldiethanol 
amine (3/2) 


1.0 


30 


Example 44 


2-tert butylanthraquinone 


1.0 


15 


Example 45 


Benzophenone 


1.0 


30 


Example 46 


2-naphthalene-sulfonyl chloride 


1.0 


60 


Example 47 


Benzil 


1.0 


45 


Example 48 


None (control sample) 


0 


15 



EXAMPLES 49—64 

In order to determine the relationship of the degree of conversion or curing of polyamic adcj to 
polyimide based on the concentration of photoinitiator. Examples 49 through to 64 were prepared 
5 wherein the procedure utilized was Identical to that of Example 7 with the exception of the 
photoinitiator concentration. 
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TABLE IV 





Photolnitiator Used 


Weight 
Percentage of 
Photoinitiator 


Percentage of 
Conversion to 
Polyimide 


Example 49 


None (control) 


0 


20 


Example 50 


Diethoxyacetophenone 


.05 


70 


Example 51 


Oiethoxyacetophenone 


.10 


80 


Example 52 


D i ethoxy acetoph enone 


.20 


80 


Example 53 


D i e thoxy acetoph enone 


.40 


60 


Example 54 


Dl ethoxy acetophenone 


.80 


95 


Example 55 


Di ethoxy acetophenone 


1.60 


80 


Example 56 


Diethoxyacetophenone 


3.20 


85 


Example 57 


Diphenyliodonium hexafluoro phosphate 


.05 


95 


Example 58 


Diphenyliodonium hexafluoro phosphate 


.10 


90 


Example 59 


Diphenyliodonium hexafluoro phosphate 


.20 


95 


Example 60 


Diphenyliodonium hexafluoro phosphate 


.40 


90 


Example 61 


Diphenyliodonium hexafluoro phosphate 


.80 


85 


Example 62 


Dfphenyliodonium hexafluoro phosphate 


1.60 


95 


Example 63 


Diphenyliodonium hexafluoro phosphate 


3.20 


95 


Example 64 


Diphenyliodonium hexafluoro phosphate 


6.40 


75 



EXAMPLES 65 — 68 

To compare the foregoing examples with ther use of heat alone, without ultraviolet radiation, on 
the curing or crosslinking of polyamic acid, the procedure of Example 7 was duplicated with the 
5 exception that thermal heat was utilized as the curing medium as opposed to ultraviolet radiation. When cured 5 
at 300°F for 1 5 minutes, zero percent conversion to polyimide was noted. At 400°F for the same time 
span, a conversion of 80 percent was noted, at 500°F for 1 5 minutes, 90 percent conversion was 
effected, and at 650°Ffor 1 5 minutes, 95 percent conversion was noted. 

EXAMPLES 69—74 

10 To ascertain the effectiveness of inclusion of a photoinitiator in the polyamic acid system, non- 

sensitized polyamic acid films were prepared pursuant Example 7 for comparative purposes. These non- 
sensitized films were subjected to prolonged ultraviolet radiation as indicated in Table V below. 
Comparison of Table V with the data of Table III, wherein only a single pass of the ultraviolet exposure 
unit was utilized, clearly indicates the effectiveness of adding a photoinitiator to the polyamic acid 

1 5 system. 



c 

10 



15 
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EXAMPLES 75 — 84 

Pofyamic acids were prepared utilizing benzophenone tetracarboxylic dianhydride/m-phenylene 
diamine (Examples 75 — 80) and benzophenone tetracarboxylic dianhydride/oxydianiline (Examples 
81 — 84). Example 7 was then duplicated except that conveyor speed In the exposure unit was 1 0 feet 
5 per minute. The results are tabulated below. 

TABLE VI 





Photosensitizer Used and Weight Percentage 


Amount of 
U.V. Cure 


Percent 
Conversion 
to Polyimide 


Example 75 


None 


No U.V. 


20 


Example 76 


None 


1 pass 


30 


Example 77 


6 percent methoxystyryl bistrichloromethyl 
triazine 


No U.V. 


30 


Example 78 


6 percent methoxystyryl bistrichloromethyl 
triazine 


1 pass 


65 


Example 79 


6 percent triarylsulfonium hexaf luoro 
antiminate 


No U.V. 


25 


Example 80 


6 percent triarylsulfonium hexafluoro 
antiminate 


1 pass 


65 


Example 81 


None 


No U.V. 




Example 82 


None 


1 pass 


20 


Example 83 


.75 percent triarylsulfonium hexafluoro 
antiminate 


No U.V. 


1 $ 


Example 84 


.75 percent triarylsulfonium hexafluoro 
antiminate 


1 pass 


40 



Polyamic acid can be applied to substrates unstabled at elevated temperatures, e.g., paper, 
polyester, etc., and yet be effectively cured to the polyimide state. 

Furthermore, it has been found that conversion of the polyamic acid to a salt prior to curing can 
1 0 provide a product with the same functionality relative to ultraviolet radiation curing, and in fact can 
provide additional benefit. When a corresponding salt is utilized, greater latitude in exposure and 
development is observed. Exposure time necessary to form a cured image is reduced and increased 
image resolution is noted, with the unexposed areas being removed more easily and with no residue 
thereof. 



10 



TABLE V 





Number of Passes (U.V.) 
One 200 W/ln. Lamp - 6» /Min. 


Percent Conversion 
to Polyimide 


Example 69 


0 


0 


Example 70 


1 


20 


Example 71 


2 


40 


Example 72 


4 


70 


Example 73 


7 


90 


Example 74 j 


10 


95 
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A polyamic acid can be converted to a salt by simply mixing same in a solvent with a base, 
preferably utilizing an equivalent concentration thereof. When the resultant cured polyimide is to be 
used in an electrical application, as a dielectric layer, for example, it is preferred that volatile non- 
metallic bases are used to obtain the salt. 

5 EXAMPLE 85 5 
A polyamic acid was prepared as per Example 6, the resulting mixture containing a 20 percent 
solids polyamic acid. To 20 grams of the acid were added 1 .84 grams of triethylamine, whereupon the 
acid was converted to a salt. 

The salt solution was coated onto aluminum foil and dried in an oven at 1 30°C for 1 5 minutes to 
1 0 remove the solvent. The dried film was exposed through a quartz glass photomask to ultraviolet 1 0 

radiation for one minute using a COLITE Model DMVLS exposure unit. 

The imagewise exposed film was developed using N-methylpyrrolidone, whereupon the 
unexposed areas of the film were removed. The resulting sample was rinsed with toluene and dried with 
air. To insure that the solvent was totally removed, and to expel residual triethylamine, the film was 
1 5 heated for 3 minutes at 340°C. ~* ^ 5 

A polyimide image area having excellent resolution was produced. 

CLAIMS 

1 . A process for curing a film of a polyamic acid or salt thereof to a corresponding polyimide in the 
absence of externally applied heat, comprising exposing at least one surface of said film to ultraviolet 

20 radiation at a sufficient intensity for a sufficient time to cure said film. 20 

2. The process of claim 1 wherein said polyamic acid is selected from the group consisting of 
benzophenone tetracarboxylic dianhydride^exane diamine, benzophenone tetracarboxylic 
dianhydride/oxydianiline, benzophenone tetracarboxylic dianhydride/methylene bis-cyclohexylamine 
and pyromellitic dianhydride/oxydianiline. 

25 3. A process for curing a film of a polyamic acid or salt thereof on a substrate to a corresponding 25 

polyimide in the absence of externally applied heat comprising exposing the surface of said film to 
ultraviolet radiation at a sufficient intensity for a sufficient time to cure said film. 

4. The process of claim 3 wherein said polyamic acid film is selected from the group consisting of 
benzophenone tetracarboxylic dianhydride/hexane diamine, benzophenone tetracarboxylic 

30 dianhydride/oxydianiline, benzophenone tetracarboxylic dianhydride/methylene bis-cyclohexylamine -*n 
and pyromellitic dianhydride/oxydianiline. ' 

5. A process for forming an imaged construction comprising a polyimide image on a substrate 
coated with a polyamic acid or salt thereof in the absence of externally applied heat comprisinq the 
steps of: 

35- (a) exposing said polyamic acid or salt thereof to ultraviolet radiation in an imagewise fashion for a 35 
sufficient time at a sufficient intensity to cure said polyamic acid or salt thereof in exposed areas, 
unexposed areas remaining uncured, and 
(b) developing said unexposed areas with a suitable solvent therefor. 

6. The process of claim 5 wherein said polyamic acid is selected from the group consisting of 

40 benzophenone tetracazrboxylic dianhydride/hexane diamine, benzophenone tetracarboxylic 40 
dianhydride/oxydianiline, benzophenone tetracarboxylic dianhydride/methylene bis-cyclohexylamine 
and pyromellitic dianhydride/oxydianiline. 

7. An article comprising a substrate having polyimide image areas thereon, said article havinq 
been formed from the process of claim 5. 9 

45 8. A light sensitive article comprising a film of polyamic acid or salt thereof containing at least one 45 

photoinitiator therein. 9 

9. A light sensitive article comprising a substrate having coated on at least one surface thereof a 
polyamic acid or salt thereof containing at least one photoinitiator therein. 

1 0. A process for curing a film of a polyamic acid or a salt thereof as claimed in Claim 1 

50 substantially as herein described with reference to any one of the Examples. 50 

1 1. A light sensitive article as claimed in Claim 7 substantially as herein described with reference 
to any one of the Examples. 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 198t. Published by the Patent Office. 
25 Southampton Buildings. London. WC2A 1AY. from which copies may be obtained. 
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